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Background. In the face of increasing HIV/AIDS prevalence in subSaharan Africa, we evaluate the effectiveness of ‘double-
gloving’ during surgery as a means of protecting the surgeon operating on patients with a known or unknown HIV status.
Methods. A prospective study was conducted to determine the rate of glove puncture and intraoperative injury in categories of 
patients with known positive, known negative or unknown HIV status.
Results. The surgeon and the first assistant double-gloved in all the 1 050 procedures performed between 2009 and 2013, and 
a total of 8 400 surgical gloves were used. Sixty-nine patients (6.6%) were HIV-positive, 29 patients (2.8%) were HIV-negative, 
and the HIV status was unknown for the remaining 952 patients (90.7%). The overall glove puncture rate in the study was 14.5%. 
The glove puncture rate was 0%, 31% and 15% for HIV-positive, HIV-negative and HIV status unknown, respectively, and this 
difference was statistically significant. The mean operating time in the group with glove punctures was 148 min (95% confidence 
interval (CI) 135 - 161), while mean operating time in the group without glove puncture was 88 min (95% CI 84 - 92). 
Conclusion. Double-gloving offers protection against intraoperative injury. Knowing the HIV status of the patient offers 
additional protection to the operating surgeon. While we recommend routine double-gloving for surgeons working in HIV-
prevalent patient populations, we also advocate for the routine screening for HIV in all surgical patients.
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Surgical gloves were originally developed to 
protect the patient from organisms on the 
physician’s hands.[1] Recently, the protection of 
physicians and other medical personnel from the 
percutaneous transmission of HIV, hepatitis-B 
virus and other pathogens by direct contact with infected patients 
has become a major concern of the medical community.[2-6] Since 
medical history and examination cannot reliably identify all 
patients harbouring blood-borne pathogens, universal precautions 
during exposure to blood and body fluids are now mandatory. 
Intact surgical gloves can help to prevent HIV transmission, but 
breaches in glove material may expose operating room staff to risk 
of infection, particularly if there are cuts or abrasions on the skin. 
Breached gloves do not only indicate the potential for infection via 
the skin, but also indicate the possibility of needlestick injury and 
thus inoculation with infected blood.[6,7]
There have been numerous reports on the rising prevalence 
of HIV infection in subSaharan Africa, especially in Nigeria.
[8,9] The reason for this rising prevalence has partly been due to 
the widespread use of antiretroviral drugs, which has increased 
the life expectancy of HIV-infected patients. Stemming from 
this increasing prevalence, it is expected that more HIV-infected 
patients will be presenting with conditions needing surgical 
intervention in the near future, thus increasing the surgeon’s 
exposure to this group of patients. Owing to lack of clear guidelines 
and comprehensive policy formulation on patients with HIV 
infection,[8-10] patients undergoing surgery in Nigeria and many 
other African countries are not routinely screened for HIV. 
Coupled with this is the lack of a full complement of protective 
armamentaria against HIV infection for surgeons who are working 
in low-resource countries such as Nigeria, leaving them more 
vulnerable to contracting this disease from their patients. 
The principle for most practising surgeons in this region is to 
take full universal precautions while performing surgery on all 
patients, as if they are already infected with HIV. The problem 
with this attitude is that taking full precautions when operating 
on all patients is likely to become a routine exercise that may 
be taken for granted. It is therefore questionable if the routine 
application of universal precautions can offer maximum 
protection to surgeons practising in such an environment. If a 
patient is known to be HIV-infected, the attending surgeon will 
definitely take more-than-routine universal precautions while 
performing surgery. 
It is believed that part of the additional precautions to be 
taken while carrying out surgical operations on patients with 
HIV/AIDS infection is for the surgeon to ‘double-glove’ – wear 
two standard gloves on each hand. While this is common 
practice, there are few data on the rate of surgical glove 
puncture while performing surgery on patients of known or 
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gloving protects the surgeon from blood-
borne diseases more than a single glove, and 
this has led to routine use of double-gloving 
by operating surgeons. [11-13] Studies on the 
effect of awareness of patient’s HIV status on 
the rate of perforation and puncture of the 
operating glove during surgery remain sparse. 
We examined whether awareness of the HIV 
status of a patient by the operating surgeon 
affects the glove puncture rate. We also assess 
the efficacy of double-gloving in preventing 
glove puncture and perforation injury while 
operating on patients with or without HIV 
infection. 
Methods
This prospective study was carried out at the 
General Surgery Unit of Obafemi Awolowo 
University Teaching Hospitals Complex 
(OAUTHC), comprising the Ife Hospital 
Unit (IHU) in Ile-Ife, and the Wesley Guild 
Hospital (WGH) in Ilesha, both in the south-
western region of Nigeria. The hospitals serve 
as referral centres to the rural and semi-urban 
agrarian communities in this part of Nigeria, 
cover ing a population of ~7.7 million people. 
The study period spanned a 4-year period 
from March 2009 to March 2013. With 
ethical approval from our institutional ethics 
board, consecutive patients with elective or 
emergency general surgical procedures were 
recruited into the study. The patients were not 
routinely screened for HIV status as part of the 
study, but where there was clinical indication 
to do so, patients were screened accordingly. 
This meant that there were three categories 
of patients in terms of HIV status: negative, 
positive and unknown. The HIV status (or lack 
of knowledge thereof) of the patient was made 
known to the operating surgeon and all other 
theatre staff. However, only the surgeon and 
the first assistant were included in the study. 
The gloves used in all surgical cases were made 
of latex, and the surgeon and the assistant 
double-gloved in all the cases. 
After surgery, the used inner and outer 
gloves were tested separately in accordance 
with the water-infusion method of the 
Food and Drug Administration to detect 
perforation. [7] The gloves were filled with 
1 000 mL of water and were suspended 
from the occluded cuff 5 ft (15.2 m) from 
the ground. The digits were pressurised 
differentially when a volume of water was 
squeezed into each one, and were observed 
for perforations. With this technique, even 
minute punctures were detected. In addition, 
at the end of the surgical procedure, an 
independent observer inspected the hands 
of the surgeon and the first assistant for the 
presence of blood or body fluids as evidence 
of a break in the integrity of the latex gloves.
Results 
A total number of 8 400 surgical gloves used in 
1 050 surgical procedures were analysed. The 
surgeons double-gloved during all the surgical 
procedures performed (Table 1). Breast lump 
excision was the most common surgical 
procedure, accounting for 142 cases (13.5%). 
Table 2 outlines the indications and surgical 
procedures performed on the HIV/AIDS-
positive patients. Pyomyositis (n=18 (26%)) 
and appendicitis (n=10 (14.5%)) were the 
most common surgical conditions in the HIV/
AIDS patients. As a result, incision, drainage 
Table 1. Types of surgical procedure performed during the study period
Type of surgical procedure n Percentage (%)
Breast lump excision 142 13.5
Appendectomy 89 8.5
Uncomplicated inguinal herniorrhaphy 86 8.2
Simple mastectomy and axillary dissection 68 6.5
Thyroidectomy 60 5.7
Surface lump excision 48 4.6
Right hemicolectomy and ileo-transverse anastomosis 40 3.8
Splenectomy 30 2.9
Colostomy closure 25 2.4 
Exploratory laparotomy for drainage of intraperitoneal abscess 24 2.3
Others 438 41.7
Total 1 050 100






Pyomyositis Incision and drainage 18 (26) 30 No puncture
Acute appendicitis Appendectomy 10 (14.4) 70 No puncture
Peripheral lymphadenopathy Excision biopsy 8 (11.6) 30 No puncture
Ruptured appendicitis and gangrenous 
caecum
Right hemicolectomy and ileo-transverse anastomosis 7 (10.2) 120 No puncture
Spontaneous primary peritonitis Exploratory laparotomy drainage of abscess 11 (15.9) 80 No puncture
Typhoid ileal perforation Exploratory laparotomy and closure of ileal perforation 3 (4.4) 75 No puncture
Obstructive jaundice secondary to 
tumour of head of pancreas
Triple bypass 2 (2.9) 125 No puncture
Uncomplicated inguinal hernia Inguinal herniorrhaphy 1 (1.5) 60 No puncture
Parotid gland tumour Superficial parotidectomy 1 (1.5) 180 No puncture
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and appendectomies were the most common surgical procedures 
performed on these patients. Out of the 1 050 patients operated on 
during the study period, 98 patients were tested for HIV infection 
based on clinical suspicion, and 69 patients (6.8%) tested positive. The 
remaining 952 patients (88%) were not tested (Table 3). 
The overall glove puncture rate in this study was 152 (14.5%) across 
the three groups of patients. In the group of patients who were HIV-
infected, no glove puncture was recorded. The glove puncture rate 
was 9 (0.86%) in the group of patients who tested negative for HIV, 
and 143 (13.6%) in the group with an unknown HIV status (Table 3); 
the difference in these rates was statistically significant (p<0.001). The 
mean operating time in the group with a punctured glove was 148 min 
(95% confidence interval (CI) 135 - 161), while mean operating time 
in the group without glove puncture was 88 min (95% CI 84 - 92). 
The pattern of glove puncture in the surgeon and assistants’ hands is 
shown in Table 4. The surgeon’s left-hand outer glove was the most 
punctured (n=127), accounting for 12.1% of the total glove punctures 
recorded in the study. The most common site of glove perforation was 
on the index finger of the left hand (n=114), accounting for 76% of all 
perforations recorded. The second most common was the left middle 
finger (n=11), accounting for 7.3% of total perforations (Table 5). 
Discussion 
Glove perforation is relatively common during surgery. The overall 
glove puncture rate per numbers of patients operated upon was 
152 (14.5%) (Table 3), while the overall glove perforation observed 
per total number of gloves used was 197 (18.8%) (Table 4), which 
is consistent with perforation rates reported in other studies, with 
the frequency ranging from 18 to 61% during various surgical 
procedures. [11-14] The rate of glove puncture has been extensively 
docu mented in different operative scenarios, including single-
gloving and double-gloving.[13,15] The highest frequencies of glove 
puncture have been reported in orthopaedic, trauma and thoracic 
surgery; this is likely to be because in these fields the surgeon handles 
sharp fractured bones or bony structures.[12,16,17] The rate of glove 
puncture in hand and foot surgery has also been documented. [18,19] 
Studies on glove puncture rates while operating on HIV-infected 
patients were largely lacking in the literature. In 1987, the Centers 
for Disease Control issued guidelines, called ‘universal precautions’, 
designed to minimise the risk of transmission of HIV in the 
Table 3. Analysis of glove puncture and HIV status*
HIV status
 Glove puncture during surgery, 
n (%)
Total, n (%)Punctured Not punctured
Not known 143 (15) 809 (85) 952 (100)
Negative 9 (31) 20 (69) 29 (100)
Positive 0 (0) 69 (100) 69 (100)
Total 152 (14.5) 898 (85.5) 1,050 (100)
* Overall p<0.001.
Table 4. Pattern of glove puncture injury in surgeon and assistant
Glove area Punctured, n Percentage (%) Not punctured, n Percentage (%)
Surgeon left hand Outer 127 12.1 923 87.9
Inner 36 3.4 1 014 96.6
Surgeon right hand Outer 13 1.3 1 037 98.8
Inner 1 0.1 1 049 99.9
1st assistant left hand Outer 14 1.3 1 036 98.7
Inner 1 0.1 1 049 99.9
1st assistant right hand Outer 4 0.4 1 046 99.6
Inner 1 0.1 1 049 99.9
Total 197 18.8 - -
Table 5. Digits most frequently involved in the puncture injury
Digit Frequency, n Percentage of total (%) Percent of punctured finger (%)
Index 114 10.9 76.0
Middle 11 1.0 7.3
Thumb 10 0.5 6.7
Ring 5 0.5 3.3
Thumb and index 3 0.3 2.0
Thumb and little finger 2 0.2 1.3
Index and middle finger 2 0.2 1.3
Between ring and middle finger 2 0.2 1.3
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healthcare setting.[4] These guidelines are also appropriate for reducing 
the transmission of other blood-borne infections.[20] However, there are 
few studies from low- and middle-income countries documenting the 
rate of glove puncture during surgery when operating on patients with 
known or unknown HIV status, with universal precautions applied in 
both settings. As a result, there are no data on the efficacy of universal 
precautions in preventing glove punctures and HIV transmission in 
the operating surgery environment, which has recently witnessed an 
upsurge in the prevalence and incidence of HIV infection. 
In this study, the rate of glove puncture while operating on patients 
with a known preoperative status of HIV-positive was zero (0%), com-
pared with the rates of 143 (13.6%) and 9 (0.9%) in patients with unknown 
preoperative HIV status and patients with negative preoperative HIV 
status, respectively. This should be interpreted with caution, bearing 
in mind the small sample size of HIV-infected patients in this 
study, which limits statistical power. In most other studies, there has 
been a relatively small and stable number of HIV-infected patients 
undergoing surgery. [21-23] However, the prevalence of HIV-infected 
patients undergoing surgery in Nigeria and many other parts of 
Africa is expected to increase significantly, because of the efficacy 
and widespread use of antiretroviral drugs. As HIV-infected patients 
live longer, more will present in hospital with surgical conditions. In 
turn, there is need for anticipatory policies that will protect surgeons 
operating in the environments with high HIV prevalence. That there 
was no glove puncture while performing surgery in the group of 
patients who were HIV-infected suggests that awareness of a patient’s 
HIV status may enhance the intraoperative safety of surgeons. 
The problem of glove perforation remains a major cause of exposure 
to contaminated body fluids and is yet to be solved satisfactorily.[24] 
Our study re-emphasises that double-gloving offers significantly better 
protection than single-gloving. The outer glove alone was punctured in 
119 cases (11.3%), while both gloves were punctured in 29 cases (2.8%). 
Therefore, in 8.6% of cases, when the outer glove was perforated, the 
inner glove protected the surgeon’s hand from contamination; subsequent 
visible skin contamination would also be much lower with double gloves. 
These are similar to observations in other studies.[7,17-19] This study also 
showed that the majority of glove perforation occurred in the index 
finger of the left hand, which accounted for 10.9% of total perforation, 
followed by perforation in the left middle finger (1.6%) and left thumb 
(1.0%) (Table 5). This has also been reported in similar studies.[7,17-19] 
The reason for this may be due to the fact that the index finger and the 
thumb are more actively used during tissue dissection and during hand 
exploration than other fingers. As the majority of glove perforations go 
unnoticed, we recommend the routine use of double gloves in all surgical 
procedures, or where chances of needlestick injury are high.
Conclusion 
These data point to the potential benefits of double-gloving during 
surgery in settings where HIV is prevalent. More generally, we 
recommend a comprehensive review of policy frameworks that guide 
surgeons operating in high-HIV prevalence environments, such as 
Nigeria and other African countries, in order to allow for the routine 
screening of patients in addition to taking universal precautions, 
which on their own are not adequate for optimal protection of the 
surgeon. 
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